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(57) A phosphor host compound is produced from a 
host compound material. Then, the host compound and 
a trivalent europium compound are reacted in a reduc- 
ing atmosphere to generate a desired divalent euro- 
pium-activated phosphor. If the divalent europium-acti- 
vated phosphor is generated in this manner, a chemical 
reaction between the raw material for the host com- 
pound and the trivalent europium compound can be 
suppressed. Therefore, variations in the luminescent 
color among different production lots of the phosphor 
can be suppressed, and a phosphor with high color pu- 
rity can be provided with high repeatability. 
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Description 

[0001] The present invention relates to a method for 
producing a divalent europium-activated phosphor suit- 
able lor luminescent devices, such as fluorescent lamps 
or plasma display panels (PDPs). 
[0002] Conventionally, divalent europium-activated 
phosphors with Eu 2+ luminescent centers, such as 
BaMgAl l0 O 17 : Eu 2+ or (Ba, Sr)MgA! l0 O 17 : Eu 2+ , Mn 2+ , 
are used for blue phosphors in luminescent devices. 
[0003] Divalent europium-activated phosphors show 
emission spectra with a broad half-width that is due to 
the electron transition from the excitation level 4f 6 5d to 
the ground level 4f 7 characteristic to the Eu 2+ ion. More- 
over, in such phosphors, the ground level 4f 6 5d is sus- 
ceptible to the influence ot the crystal field, so that, de- 
pending on the phosphor host, colors from ultra-violet 
spanning the entire visible range can be emitted. 
[0004] Conventionally, divalent europium-activated 
phosphors are produced by reacting a mixture of the raw 
material for the phosphor, which has been mixed in a 
mixer such as a ball mill, in a reducing atmosphere (for 
example a gaseous atmosphere of nitrogen mixed with 
hydrogen). This process is described in more detail in 
"Keikoutai Handobukku" (The Phosphor Handbook) pp. 
207 - 240, published by Ohmsha Ltd. 
[0005] Chemical compounds comprising divalent 
europium ions are chemically unstable at regular tem- 
peratures and pressures in air. A compound comprising 
a trivalent europium such as Eu 2 O a can be used as the 
raw material for the europium of divalent europium-ac- 
tivated phosphors. 

[0006] As a raw material for the divalent europium-ac- 
tivated aluminate phosphor with the above-mentioned 
structural formula, alkaline-earth carbonates (barium 
carbonate, strontium carbonate, basic magnesium car- 
bonate, etc.) aluminum oxide, europium oxide, or man- 
ganese carbonate, mixed with a suitable amount of flux, 
can be used. Conventionally, divalent europium-activat- 
ed aluminate phosphors are produced by (a) pre-firing 
this raw material for the phosphor in air at less than 
1500°C as necessary, and then (b) firing it at 1200°C - 
1 800° C for several hours in a reducing atmosphere (see 
for example the above-cited phosphor handbook, Pub- 
lication of Examined Japanese Patent Application No. 
Hei7-77126, or J. Electrochem. Soc, Vol. 123, No. 5, 
pp. 691- 697). 

[0007] Thus, divalent europium-activated aluminate 
phosphors are conventionally produced by processing 
a raw material for the host compound serving as the 
phosphor host and a trivalent europium compound in a 
reducing atmosphere at a high temperature, directly or 
after pre-firing in air at a temperature that is lower than 
the firing temperature for the firing in a reducing atmos- 
phere that follows. 

[0008] The flux is added to promote the chemical re- 
action among the raw materials. For the flux, for exam- 
ple, a halogenide, such as aluminum fluoride, barium 



fluoride, and magnesium fluoride, can be used. 
[0009] Divalent europium-activated phosphors other 
than aluminate phosphors include halophosphate phos- 
phors such as Sr 10 (PO 4 ) 6 CI 2 : Eu 2+ , phosphate phos- 
s phors such as SrMgP 2 0 7 : Eu 2+ , silicate phosphors 
such as Ba 3 MgSi 2 0 8 : Eu 2+ , and acid fluoride phos- 
phors such as SrB 4 0 7 F : Eu 2+ . 

[0010] Also these other divalent europium-activated 
phosphors usually can be produced by firing the raw ma- 

10 terial for the phosphor in a reducing atmosphere for sev- 
eral hours once or after firing for several hours in air at 
a temperature that is lower than the firing temperature 
for the firing in a reducing atmosphere that follows (see 
"The Phosphor Handbook"). 

is [0011] However, in this conventional method for pro- 
ducing a divalent europium-activated phosphor, there is 
the problem that in addition to the desired divalent euro- 
pium-activated phosphor, also divalent europium-con- 
taining phosphor is generated. Only a small amount of 

20 this phosphor is intermingled in the mixture, but since it . 
luminesces together with the desired divalent europium- 
activated phosphor, the overall luminescent color purity 
of the divalent europium -activated phosphor worsens. 
[0012] The mixed amount of divalent europium-con- 

2S taining phosphor varies among the production lots and 
according to the furnace used, so that it is difficult to 
control variations of the luminescent color of the phos- 
phor. In particular, the excitation level 4f 6 5d of the Eu 2+ 
ion is susceptible to influences of the crystal field, so 

30 that even a tiny variation of the structure or crystallinity 
of the phosphor can change the excitation level a little. 
Thus, variations of the luminescent color are a particular 
problem with divalent europium-activated phosphors 
emitting a high -purity blue. However, a manufacturing 

35 method that effectively suppresses the intermingling of 
divalent europium-containing phosphor, has yet to be 
conceived. 

[0013] For example, when a divalent europium-acti- 
vated phosphor emitting a high-purity blue is produced 
40 with the conventional method, divalent europium-con- 
taining phosphor fluorescing in a highly visible green re- 
gion is also generated. 

[0014] To give a specific example, when a 
BaMgAI 10 O 17 : Eu 2+ phosphor (emitting blue with a 

45 peak at 450nm) is produced with the conventional meth- 
od, a small amount of BaAI 2 0 4 : Eu 2+ phosphor, which 
is a divalent europium-containing intermediate phos- 
phor, is intermingled. This phosphor has an emission 
peak in the green region at 500nm, so that the color pu- 

50 rity of the blue phosphor is severely worsened. 

[0015] As shown in Fig. 1 6, the x- and y-value of the 
CIE color coordinates for the blue phosphor produced 
with the conventional method vary considerably among 
different production lots (particularly the y-value). For 

55 comparison, Fig. 16 also shows the variations in the lu- 
minance of the blue phosphor. Fig. 16 indicates that in 
the conventional production method, the luminance also 
varies considerably 
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[0016] The results in Fig. 16 show the emission char- 
acteristics for a BaMgAI 10 O 17 : Eu 2+ phosphor excited 
with 254nm ultraviolet light. 

[001 7] It is a purpose at least in the preferred embod- 
iments of the present invention to solve the problems of s 
the prior art. It is a further purpose at least in the pre- 
ferred embodiments of the present invention to provide 
a method for producing a divalent europium-activated 
phosphor, wherein the variation of the luminescent color 
among different production lots and due to the oven can 10 
be suppressed. In particular, it is a purpose at least in 
the preferred embodiments of the present invention to 
develop a method for producing a divalent europium- 
activated phosphor that can provide a blue phosphor of 
high color purity with high repeatability. 75 
[0018] In order to achieve these purposes, a method 
for producing a divalent europium-activated phosphor 
in accordance with a preferred embodiment of the 
present invention, comprises the steps of producing a 
host compound, wherein a raw material for the host 20 
compound is reacted; and generating a divalent euro- 
pium-activated phosphor, wherein the host compound 
and a trivalent europium compound are reacted in a re- 
ducing atmosphere. 

[0019] With this production method, variations of the 2S 
luminescent color can be suppressed, and a blue phos- 
phor of high color purity can be produced with high re- 
peatability. 

[0020] In the production method of the present inven- 
tion, it is preferable that a trivalent europium compound 30 
is added to the raw material for the host compound be- 
fore the host compound production step. Thus, an inter- 
mediate product that has the host compound and the 
trivalent europium compound as its main components 
can be obtained. If this intermediate product, obtained 35 
as a mixture, is further processed in a reducing atmos- 
phere, a divalent europium-activated phosphor can be 
produced with high efficiency. 

[0021] The effect of the production method of the 
present invention is particularly high, when the host 40 
compound is aluminate, and the divalent europium-ac- 
tivated phosphor is a divalent europium-activated alu- 
minate phosphor. 

[0022] It is preferable that the divalent europium-acti- 
vated aluminate phosphor has an average particle size 45 
of 0.4 u.m to 20 u.m. Such a phosphor is especially suit- 
able for fluorescent lamps and PDPs. 
[0023] Moreover, it is preferable that the divalent 
europium-activated aluminate phosphor has a particle 
shape that satisfies 0.5 ^ y / x ^ 1.0, wherein x is the so 
maximum distance between two points A and B on the 
surface of a phosphor particle, and y is the minimum 
distance between two points C and D that are located 
on intersections of a perpendicular bisector bisecting a 
line segment connecting A and B with the surface of the ss 
phosphor particle. 

[0024] Particles that satisfy the above relation are 
substantially spherical. Since the relative surface area 



of such phosphor particles is relatively small, deteriora- 
tion of the phosphor due to ion bombardment when 
used, for example, in a fluorescent lamp can be sup- 
pressed. 

[0025] It is preferable that the particle size concentra- 
tion of the divalent europium-activated aluminate phos- 
phor is 50% to 1 00%. It is even more preferable that the 
particle size concentration is 75% to 100%. The particle 
size concentration of the divalent europium-activated 
aluminate phosphor is defined as the largest value x that 
satisfies the equation xA ^ d(n) ^ A/x, wherein d(n) is 
the particle size of an n-th phosphor particle and A is 
the average particle size of the phosphor. 
[0026] When the particle size concentration is high 
and the particle size is uniform, deterioration of the 
phosphor due to the above-mentioned ion bombard- 
ment can be suppressed. 

[0027] It is preferable that the raw material for the host 
compound comprises aluminum oxide. It is preferable 
that this aluminum oxide has substantially the same par- 
ticle shape as the divalent europium-activated alumi- 
nate phosphor. Moreover, it is preferable that the alumi- 
num oxide has an average particle size of 0.4 p. m to 20 
p. m. 

[0028] It is preferable that the aluminum oxide has a 
particle shape that satisfies 0.5 ^ y /x ^ 1 .0. Moreover, 
it is preferable that the particle size concentration of the 
aluminum oxide is 50% to 100% (more preferably 75%- 
100%). Here, x, y, and the particle size concentration 
are the same as defined above. 

[0029] The production method of the present inven- 
tion is especially applicable when the divalent europium- 
activated phosphor is blue luminescent. It is also pref- 
erable that the raw material for the host compound does 
not include a halogen ide. Moreover, it is preferable that 
the raw material for the host compound comprises an 
oxygenated compound. To be specific, it is preferable 
that the raw material for the host compound is selected 
from oxides and carbonates. 

[0030] It is preferable that the divalent europium-acti- 
vated phosphor in the production method of the present 
invention comprises a compound with the formula 
(Ba a Sr b Ca c Eu d ) p (Mg e Zn f Mn g ) q AI 10 O 17? wherein 0 < a < 
1;0gb<1;0gc<1;0<d<1;a + b + c+d=1;0< 
eS1;0Sf<1;OSg<l;e + f+g=1; and p = q = 1 . 
[0031] It is preferable that the host compound in the 
production method of the present invention comprises 
a compound with the formula (Ba a Sr b Ca c ) p 
(Mg e Zn f ) q Al l0 O 17 , wherein 0<a£1;0:5b<1;0£c 
<1;a + b + c=1;0<eS1;0Sf<1;e + f=1; and p 
= q=1. 

[0032] It is preferable that the raw material for the host 
compound is reacted in an oxidizing atmosphere, be- 
cause in an oxidizing atmosphere, trivalent europium is 
more stable than divalent europium. 
[0033] In more detail, it is preferable that the raw ma- 
terial for the host compound is reacted in an oxidizing 
atmosphere of at least 1500°C. It is also preferable that 
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the raw material for the host compound is reacted in an 
oxidizing atmosphere of at not more than 1900°C. More 
preferable are temperatures above 1600°C, and even 
more preferable are temperatures above 1650°C. More- 
over, temperatures below 1800°C are preferable and 
temperatures below 1700°C are even more preferable. 
[0034] It is preferable that the oxidizing atmosphere 
is simply air. On the other hand, it is preferable that the 
reducing atmosphere is a gaseous mixture of nitrogen 
and hydrogen, because such a mixture is easy to pre- 
pare and has great reducing power 
[0035] In accordance with the present invention, the 
intermingling of undesired divalent europium-containing 
phosphor with the desired divalent europium-activated 
phosphor can be avoided. Consequently, variations of 
the luminescence color among the production lots or 
due to the electric oven can be suppressed. Moreover, 
a phosphor with high color purity can be provided with 
good repeatability. 

[0036] Fig. 1 is a flowchart of an embodiment of the 
method for producing a divalent europium-activated 
phosphor in accordance with the present invention. 
[0037] Fig. 2 is flowchart of another embodiment of 
the method for producing a divalent europium-activated 
phosphor in accordance with the present invention. 
[0038] Fig. 3 shows the X-ray diffraction patterns of 
the host compound and the trivalent europium com- 
pound obtained by the first embodiment of the present 
invention. 

[0039] Fig. 4 shows the X- ray diffraction patterns of a 
phosphor by the first embodiment of the present inven- 
tion and a phosphor obtained with a conventional pro- 
duction method. 

[0040] Fig. 5 shows the variation among different pro- 
duction lots for the luminance of a) phosphors produced 
with the first embodiment of the present invention and 
b) phosphors produced with the conventional produc- 
tion method. 

[0041] Fig. 6 shows the variation among different pro- 
duction lots for the y-value of a) phosphors produced 
with the first embodiment of the present invention and 
b) phosphors produced with the conventional produc- 
tion method. 

[0042] Fig. 7 shows the variation among different pro- 
duction lots for the x-value of a) phosphors produced 
with the first embodiment of the present invention and 
b) phosphors produced with the conventional produc- 
tion method. 

[0043] Fig. 8 is a micrograph of the Al 2 0 3 used in Ex- 
ample 2 of the present invention, taken with a scanning 
electron microscope. 

[0044] Fig. 9 is an X-ray diffraction pattern of the fired 
product obtained by Example 2 of the present invention 
after the firing step in air. 

[0045] Fig. 10 is a diagram comparing the luminance 
and the chromaticity of the phosphor obtained with Ex- 
ample 2 of the present invention and the phosphor pro- 
duced according to the conventional method. 



[0046] Fig. 11 is a micrograph of the phosphor ob- 
tained by Example 2 of the present invention, taken with 
a scanning electron microscope. 
[0047] Fig. 12 shows X-ray diffraction patterns of the 
s phosphor produced by the conventional production 
method. 

[0048] Fig. 1 3 illustrates how the intensity of the X-ray 
diffraction of the divalent europium-activated phosphor 
depends from the firing temperature in the conventional 
phosphor production method. 

[0049] Fig. 1 4 illustrates the emission spectrum of the 
divalent europium-activated phosphor produced by the 
conventional phosphor production method. 
[0050] Fig. 1 5 is an X-ray diffraction pattern of the fired 
product of Example 2 of the present invention after firing 
in air and after firing in a reducing atmosphere. 
[0051] Fig. 16 shows the variation among different 
production lots of the x-value and the y-value of phos- 
phors produced with the conventional production meth- 
od. 

[0052] The following is a description of the preferred 
embodiments of the present invention with reference to 
the accompanying drawings. 



[0053] Fig. 1 is a flowchart of the production method 
according to a first embodiment of the present invention. 
[0054] First of all, in the host compound production 
30 step in Fig. 1 , a host compound serving as the phosphor 
host is produced. 

[0055] As raw materials for the host compound, a bar- 
ium compound (for example, barium oxide, barium car- 
bonate, barium nitrate, barium hydrogenphosphate, 

35 barium chloride, barium fluoride), a strontium compound 
(for example, strontium oxide : strontium carbonate, 
strontium nitrate, strontium hydrogenphosphate, stron- 
tium chloride, strontium fluoride), a calcium compound 
(for example, calcium oxide, calcium carbonate, cabium 

40 hydrogenphosphate, calcium chloride, calcium fluo- 
ride), a magnesium compound (for example, magnesi- 
um oxide, magnesium carbonate, basic magnesium 
carbonate, magnesium fluoride), a phosphor compound 
(for example, ammonium hydrogenphosphate, phos- 

45 phorous pentoxide), a chlorine compound (for example, 
ammonium chloride), a fluorine compound (for example, 
ammonium fluoride), a boron compound (for example, 
boron oxide, boric acid), a manganese compound (for 
example, manganese carbonate, metallic manganese), 

50 a zinc compound (for example, zinc oxide, zinc chloride, 
zinc fluoride, metallic zinc), an aluminum compound (for 
example, aluminum oxide, aluminum fluoride), a silicon 
compound (for example, silicon dioxide, silicon nitride), 
or a rare earth compound other than a europium com- 

55 pound (for example, cerium oxide, terbium oxide, yt- 
trium oxide, lanthanum oxide) can be used. 
[0056] After the raw materials have been mixed in a 
certain proportion, the raw materials are chemically re- 
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acted to produce the host compound. It is preferable to 
perform this chemical reaction In an oxidizing atmos- 
phere, such as air. 

[0057] Examples for the host compound thus pro- 
duced include aluminate phosphor hosts, such as 
BaMgAI 10 O 17> and (Ba, Sr)MgA! 10 O 17 , halophosphate 
phosphor hosts, such as Sr 10 (PO 4 ) 6 CI 2 , phosphate 
phosphor hosts, such as SrMgP 2 0 7 , silicate phosphor 
hosts, such as Ba 3 MgSi 2 0 8 , and acid fluoride phosphor 
hosts, such as SrB 4 0 7 . 

[0058] On the other hand, in the trivalent europium 
production step in Fig. 1 , a trivalent europium compound 
is produced. 

[0059] This step produces a trivalent europium com- 
pound by (a) mixing at a certain proportion, for example, 
a europium compound (such as, europium oxide, euro- 
pium fluoride, or europium chloride) with a raw material, 
such as one of the aluminum compounds, the magne- 
sium compounds, the phosphor compounds, the silicon 
compounds, or the boron compounds described above 
and (b) chemically reacting the raw materials. 
[0060] Examples for the thusly produced trivalent 
europium compound include AIEu0 3 , EuMgAI 11 0 19 , 
EuP0 4 , EuP 3 0 9 , EuOCI, EuCI 3 , Eu 2 PCI, Eu 2 Si0 5 , 
Eu 2 Si0 7 , EuF 3 , and EuB0 3 . 

[0061] However, it is also possible to directly use 
europium oxide, europium fluoride, europium chloride, 
etc. for the trivalent europium compound. 
[0062] In the mixing step in Fig. 1 , the host compound 
produced in the host compound production step and the 
trivalent europium compound are mixed to obtain a mix- 
ture having a host compound and a trivalent europium 
compound as its main components. To be specific, the 
host compound and the trivalent europium compound 
can be mixed with a mixer, for example, a ball mill or an 
automatic mortar. 

[0063] In the divalent europium-activated phosphor 
generation step in Fig. 1 , the desired divalent europium- 
activated phosphor is produced. This phosphor is pro- 
duced using a phosphor production device (for example, 
an electric furnace with adjustable atmosphere). 
[0064] To obtain the divalent europium-activated 
phosphor, the mixture is fired in a reducing atmosphere. 
It is preferable that the reducing atmosphere Is a gase- 
ous mixture of nitrogen and hydrogen. 
[0065] The disintegrating step in Fig. 1 breaks up and 
disintegrates agglomerations of the divalent europium- 
activated phosphor. In other words, the produced diva- 
lent europium-activated phosphor is disintegrated with 
a disintegrator, for example a ball mill, an automatic mor- 
tar or a jet mill, to separate the particles. 
[0066] The sieving step in Fig. 1 eliminates very large 
particles from the large and small divalent europium-ac- 
tivated phosphor particles obtained in the disintegrating 
step. Moreover, the particle sizes are equalized. To be 
specific, the disintegrated divalent europium-activated 
phosphor is sieved with a sieving device. 
[0067] The rinsing step in Fig. 1 eliminates very small 



particles, soluble impurities, dirt, etc. from the sieved di- 
valent europium-activated phosphor. To be specific, the 
divalent europium-activated phosphor is rinsed with, for 
example, pure water or an organic solvent. 
5 [0068] The drying step in Fig. 1 eliminates the remain- 
ing water or organic solvent from the rinsed divalent 
europium -activated phosphor. To be specific, the diva- 
lent europium-activated phosphor is dried with a dry ov- 
en. 

10 [0069] Then, the final sieving step in Fig. 1 finally clas- 
sifies the dried divalent europium-activated phosphor. 
To be specific, the dried divalent europium-activated 
phosphor is sieved with a sieving device. 
[0070] Thus, in this embodiment, first, a host com- 

15 pound serving as a phosphor host and a trivalent euro- 
pium compound are produced separately, and a mixture 
of the two is reacted to obtain a divalent europium-acti- 
vated phosphor. With this method, the production of di- 
valent europium-containing phosphor in addition to the 

20 desired divalent europium-activated phosphor can be 
suppressed. 

[0071] As a result, the desired luminescent color of 
the divalent europium-activated phosphor can be at- 
tained with higher color purity. Other effects are that var- 

25 jation of the luminescent color among the lots due to var- 
iations of the intermingled amount of divalent europium- 
containing intermediate phosphor or the used electric 
furnace can be considerably improved. 
[0072] As has been explained above, the production 

30 method of the present embodiment contains a step for 
producing a host compound by reacting a raw material 
for the host compound, which serves as a phosphor 
host, a step for preparing a mixture having the produced 
host compound and a trivalent europium compound as 

35 its main components, and a step for generating a diva- 
lent europium-activated phosphor by reacting the host 
compound comprised in the mixture and the trivalent 
europium in a reducing atmosphere. 
[0073] As long as the purpose of the present invention 

40 is still attained, steps can be partially added, changed 
or even deleted. 

Second Embodiment 

45 [0074] Fig. 2 is a flowchart of another embodiment of 
a production method according to the present invention. 
[0075] The phosphor raw material mixing step of Fig. 
2 adjusts the raw material for the phosphor. For the raw 
material for the phosphor, the raw material for the host 
50 compound and the trivalent europium compound men- 
tioned in the first embodiment can be used. For the tri- 
valent europium compound, for example europium ox- 
ide, europium fluoride or europium chloride can be used. 
The raw materials are mixed with a mixer, such as a ball 
55 mi II or an automatic mortar, and adjusted to obtain a cer- 
tain proportion. 

[0076] The intermediate production step in Fig. 2 gen- 
erates the host compound serving as the phosphor host. 
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In other words, the raw materials for the host compound 
are chemically reacted to produce the host compound. 
It is preferable that this chemical reaction is performed 
in an oxidizing atmosphere, such as air. 
[0077] Consequently, the main components of the in- 
termediate product that is produced with this step are 
the host compound and the trivalent europium com- 
pound. Examples for the host compound thus produced 
are the same compounds as in the first embodiment. 
[0078] Examples for the trivalent europium compound 
comprised in the intermediate product include AIEu0 3 , 
EuMgAI^O-,9, EuP0 4> EuP 3 0 9 , EuOCI, EuCI 3 , Eu 2 PCI, 
Eu 2 Si0 5 , EugSiO^ EuF 3 , and EuB0 3 . 
[0079] The divalent europium -activated phosphor 
generation step in Fig. 2 produces the desired divalent 
europium-activated phosphor by firing the intermediate 
product in a reducing atmosphere. The disintegrating 
step, the sieving step, the rinsing step, the drying step, 
and the final sieving step of Fig. 2 are the same as ex- 
plained for the first embodiment. 

[0080] Divalent europium compounds are not gener- 
ated when reacting the raw materials for the phosphor, 
which have been mixed at a certain proportion, in the 
intermediate production step in an oxidizing atmosphere 
as explained above. This is, because in an oxidizing at- 
mosphere, such as air, trivalent europium is chemically 
more stable than divalent europium. Therefore, the in- 
termediate production step produces an intermediate 
product comprising a host compound serving as the 
phosphor host, and a trivalent europium compound. 
[0081] It is preferable that the raw materials for the 
phosphor are mixed in the phosphor raw material mixing 
step at a certain rnol proportion corresponding to the 
atomic proportion of the divalent europium -activated 
phosphor. If the raw materials are mixed like this, an in- 
termediate product having the host compound and the 
trivalent europium compound as its main components 
can be obtained. 

[0082] Furthermore, in the divalent europium-activat- 
ed phosphor generation step, as in the first embodiment, 
a divalent europium-activated phosphor can be attained 
while suppressing the generation of divalent europium- 
containing intermediate phosphor in addition to the de- 
sired divalent europium-activated phosphor. 
[0083] As a result, the desired luminescent color of 
the divalent europium-activated phosphor can be at- 
tained with higher color purity. Other effects are that var- 
iation of the luminescent color among the lot due to var- 
iations of the intermingled amount ol divalent europium- 
containing intermediate phosphor or the used electric 
furnace can be considerably improved. 
[0084] As has been explained above, the production 
method of the present embodiment contains a step for 
adjusting the raw materials for the phosphor including 
the raw material for the host compound serving as the 
phosphor host and a trivalent europium compound, a 
step for producing an intermediate product containing 
the host compound and the trivalent europium com- 



pound by processing the raw material for the phosphor 
in an oxidizing atmosphere and react the raw material 
for the host compound, and a step for generating the 
divalent europium-activated phosphor by processing 
s the intermediate product in a reducing atmosphere, so 
that the host compound and the trivalent europium com- 
pound are reacted. 

[0085] As long as the purpose of the present invention 
is still attained, steps can be partially added, changed 

io or even deleted. For example, in the intermediate pro- 
duction step, other methods besides firing in an oxidiz- 
ing atmosphere are possible, as long as a host com- 
pound similar to the one above is obtained. Moreover, 
a disintegrating step can be added after the intermediate 

is production step. 

Example 1 

[0086] The method for producing a divalent europium- 
20 activated aluminate blue phosphor, as expressed by the 
chemical formula Ba 09 Eu 0 -,MgAl 10 0 17 was executed 
following the method explained in the first embodiment. 
[0087] Raw materials without halogen compounds 
were used for the phosphor's raw material. The raw ma- 
25 terials used were barium carbonate (3 jam average par- 
ticle size, 99.98% purity), europiumoxide (3u.m average 
particle size, 99.99% purity), basic magnesium carbon- 
ate (2 jam average particle size, 99.99% purity), and alu- 
minum oxide (2 jim average particle size, 99.99% puri- 
30 ty). 

[0088] First of all, in the step for producing the host 
compound as expressed by the chemical formula 
BaMgAI 10 O 17 , 197g barium carbonate, 95.69g basic 
magnesium carbonate, and 51 Og aluminum oxide were 

35 mixed for one hour in an automatic mortar. This raw ma- 
terial for the host compound was put into an alumina 
boat, deposited in an electric box furnace, and fired in 
air for two hours. The firing temperature was 1600°C. 
[0089] In the step for producing a trivalent europium 

40 compound, 176g europium oxide, 95. 6g basic magne- 
sium carbonate, and 561 g aluminum oxide were mixed 
for one hour in an automatic mortar. This raw material 
was put into an alumina boat, deposited in an electric 
box furnace, and fired in air for two hours. The firing tem- 

45 perature was 1800°C. 

[0090] Fig. 3(a) is an X-ray diffraction pattern of the 
material produced in the host compound production 
step, and Fig. 3(b) is an X-ray diffraction pattern of the 
material produced in the trivalent europium compound 

50 production step. Fig. 3(a) shows that the material pro- 
duced in the host compound production step is 
BaMgAI 10 O 17 . Fig. 3(b) shows that the material pro- 
duced in the trivalent europium compound production 
step is EuMgAI^C^g. 

55 [0091] Then, as the mixing step, 633go1 the host com- 
pound (BaMgAI 10 O 17 ), 77. 1g ol the trivalent europium 
compound (EuMgAI^O-,9), and small amounts of bari- 
um carbonate (1 76g), europium oxide (0. 1 74g), and ba- 
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sic magnesium carbonate (0.952g) were mixed for one 
hour in an automatic mortar. 

[0092] The reason why barium carbonate, europium 
oxide, and basic magnesium carbonate are added is to 
adjust the mixture so that the stoichiometric ratio of the 
desired divalent europium-activated aluminate phos- 
phor (Ba 0 gEuoiMgAl 10 O l7 ) becomes Ba : Eu : Mg : Al 
= 0.9 : 0.1 : 1 : 10. If only 0.9mol BaMgAI 10 O 17 is mixed 
with 0.1 mol EuMgAI-,-,0 19l the stoichiometric ratio be- 
comes Ba : Eu : Mg : Al = 0.891 : 0.0990 : 0.990 : 10. 
[0093] Then, in the divalent europium-activated phos- 
phor generation step, this mixture was put into an alu- 
mina boat, deposited in a tubular atmospheric furnace, 
and fired for two hours in a reducing atmosphere con- 
sisting of a gaseous mixture of nitrogen and hydrogen. 
The firing temperature was 1600°C. The flow of the ni- 
trogen and the hydrogen was set to 380cc/min and 20cc/ 
min respectively 

[0094] This divalent europium-activated aluminate 
phosphor (Ba 0 gEu 0 iMgAI 10 O 17 ) was produced ten 
times under exactly the same conditions. The lumi- 
nance, chromatic ity and crystalline structure of the 
thusly produced phosphors were evaluated with a lumi- 
nance meter, a chromatic ity evaluator and an X-ray dif- 
fractometer. 

[0095] For the evaluation of the luminance and the 
chromatic ity, a low-pressure mercury lamp was used, 
and the phosphor was irradiated with ultra-violet light of 
254nm wavelength. 

[0096] For comparison, 178g barium carbonate, 
1 7.6g europium oxide, 95.6g basic magnesium carbon- 
ate, and 51 Og aluminum oxide were mixed for one hour 
in an automatic mortar. This mixture was fired for two 
hours in a reducing atmosphere consisting of a gaseous 
mixture of nitrogen and hydrogen. This conventionally 
produced divalent europium-activated aluminate phos- 
phor (BaogEuo .iMgAI 10 O 17 ) was evaluated in the same 
manner as explained above. The conditions lor firing in 
a reducing atmosphere were also the same as above. 
[0097] The sieving step, the rinsing step, the drying 
step, and the final sieving step shown in Fig. 1 have 
been omitted. 

[0098] Fig. 4(a) is an X-ray diffraction pattern of the 
phosphor produced with the production method in ac- 
cordance with the present invention, and Fig. 4(b) is an 
X-ray diffraction pattern of the phosphor produced with 
the conventional production method. 
[0099] The X-ray patterns shown in Figs. 4(a) and (b) 
are both XRD (X-ray diffraction) pattern characteristic 
for Ba 09 Eu 01 MgAI 10 O 17 . Consequently, both phos- 
phors are divalent europium-activated aluminate phos- 
phors with the chemical formula Bao gEu 0 -|MgAI 10 O 17 . 
[0100] Fig. 5(a) shows the variation among different 
production lots of the luminance for phosphors pro- 
duced with the production method of the present inven- 
tion, and Fig. 5(b) shows the variation of the luminance 
for phosphors produced with a conventional production 
method. 



[0101] As can be seen from Figs. 5(a) and (b), the lu- 
minance variations of the phosphor can be better sup- 
pressed with the production method of Example 1 than 
with the conventional production method. 

s [0102] Thus, it can be seen that the present invention 
considerably lowers the luminance variation among dif- 
ferent production lots, which has become a big problem 
in conventional divalent europium-activated phosphor 
production methods. 

io [0103] Fig. 6(a) shows the variation among different 
production lots in the y-value of the CIE color coordi- 
nates of the luminescent color of phosphors that have 
been produced in accordance with Example 1. Fig. 6(b) 
shows the variation among different production lots of 

75 the y-value of the CIE color coordinates of the lumines- 
cent color of phosphors produced with the conventional 
production method. 

[0104] Similarly, Fig. 7(a) shows the variation among 
different production lots in the x-value of the CIE color 

20 coordinates of the luminescent color of phosphors that 
have been produced in accordance with Example 1 , and 
Fig. 7(b) shows the variation among different production 
lots of the x-value of the CIE color coordinates of the 
luminescent color of phosphors produced with the con- 

25 ventional production method. 

[0105] As is shown in Figs. 6(a) and (b) and Figs. 7 
(a) and (b), the variation of the x- and y-value of the CIE 
color coordinates of the phosphor, especially the varia- 
tion of the y-value, can be better suppressed with the 

30 production method of Example 1 than with the conven- 
tional production method. 

[01 06] The large variation of the y-value among dif- 
ferent production lots of the phosphor shows that it is 
difficult to produce a blue phosphor with a constant tu- 

35 minescent color when the firing temperature at produc- 
tion time is not controlled with utmost rigidity. In this 
case, i.e. when the firing temperature at production time 
is not controlled with utmost rigidity, the luminescent 
color of the blue phosphor varies from pure blue to 

40 greenish blue. If, on the other hand, there is almost no 
change in the y-value among different production lots of 
the phosphor, this means that a blue phosphor with con- 
stant luminescent color can be produced, even when the 
firing temperature at production time is not controlled 

45 with utmost rigidity. 

[0107] In the mass production of phosphors, there are 
always factors such as seasonal variations of the tem- 
perature, variations of the amount of phosphor to be pro- 
duced, the wear of the electric furnace used, the kind of 

50 electric furnace, differences among the operating meth- 
ods of different operators, or variations in the particle 
size of the powder used as raw material for the phos- 
phor. In reality, it is very difficult to control the production 
conditions of the phosphor with utmost rigidity 

55 [0108] However, with the method of Example 1, a 
phosphor with very stable luminescent color can be pro- 
duced even when the production conditions are not con- 
trolled with utmost rigidity. 
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[0109] Comparing the smallest y-values in Figs. 6(a) 
and (b), it can be seen that the smallest y-value for the 
production method of the present invention is 0.0549, 
and the smallest y-value for the conventional production 
method is 0.0570. 

[0110] A large y-value means that the color purity of 
blue of the phosphor is poor, and the luminescent color 
is greenish. Thus, the production method of the present 
invention provides a blue phosphor with better color pu- 
rity than the conventional production method. 
[0111] When the absolute values of the luminance 
and the y-coordinate in Figs. 5 and 6 are considered, it 
can be seen that although the y-value of the phosphor 
produced in accordance with the present invention is 
small, its luminance is the same as that of a phosphor 
produced with the conventional method. 
[0112] For example, comparing the samples of pro- 
duction lot No. 2, the y-value of the phosphor produced 
in accordance with the present invention is 0.0549, 
whereas the y-value of the phosphor produced accord- 
ing to the conventional method is 0.0578. However, the 
relative luminance is the same (93.1%) for both phos- 
phors. 

[011 3] If the influence of the luminosity factor on the 
luminance is corrected, it can be seen that, for the same 
luminescent color, the phosphor produced in accord- 
ance with the present invention has a luminance that is 
roughly 5% higher than the phosphor produced in ac- 
cordance with the conventional production method. 
Thus, a blue phosphor can be provided that, comparing 
the same luminescent color, has a luminous efficacy that 
is about 5% higher than for a phosphor produced with 
the conventional production method. 
[0114] In order to verify this point, the external quan- 
tum efficiency of the phosphor was measured when ir- 
radiating it with light of an excitation wavelength of 
254nrn. The result was that while the external quantum 
efficiency of the phosphor produced with the conven- 
tional method was only ca. 73%, the external quantum 
efficiency of the phosphor produced with the method in 
accordance with Example 1 was ca 76%. 
[0115] Thus, with the production method of the 
present invention, a blue phosphor can be provided 
whose external quantum efficiency (that is, luminance), 
compared at the same luminescent color, is about 4% 
higher than that of a phosphor produced with the con- 
ventional method. 

[0116] One reason that the luminous efficacy of the 
phosphor produced according to the present invention 
is better than that of the phosphor produced according 
to the conventional method, may be because the crys- 
tallinity of the phosphor host is improved by firing the 
host compound of the phosphor two times. 

Example 2 

[0117] The method for producing a divalent europium- 
activated aluminate blue phosphor, as expressed by the 



chemical formula Bao 9 Eu 0 .-|MgAI 10 O 17 was executed 
following the method explained in the second embodi- 
ment. 

[0118] The same raw material as in Example 1 was 
5 used. 

[0119] However, an aluminum oxide ( a -Al 2 0 3 ) with 
a particle size concentration of 80% was used for the 
aluminum oxide. For this alumina oxide, for example, 
"Advanced Alumina - Sumicorondum" (Sumitomo 

10 Chemical Co., Ltd.), which is readily available on the 
market, can be used. This advanced alumina is a mono- 
crystalline aluminum oxide that has practically no frac- 
tured surface. It can be seen from Fig. 8 that this alumi- 
num oxide (advanced aluminum) has a particle shape 

is satisfying 0.5 ^ y / x ^ 1.0. In this equation, x is the 
maximum distance between two points A and B on the 
surface of a phosphor particle, and y is the minimum 
distance between two points C and D that are located 
on intersections of a perpendicular bisector bisecting a 

20 |jne segment connecting A and B with the surface of the 
phosphor particle. Fig. 8 shows a micrograph of this alu- 
minum oxide taken with a scanning electron micro- 
scope. 

[0120] First of all, in the phosphor raw material mixing 
25 step, 178g barium carbonate, 17.6g europium oxide, 
95.6g basic magnesium carbonate, and 51 Og aluminum 
oxide were mixed for one hour in an automatic mortar. 
[0121] Then, in an intermediate production step, this 
mixture was put into an alumina boat, deposited in an 
30 electric box furnace, and fired for two hours in air. The 
firing temperature was 1650°C. 

[01 22] Then, in the divalent europium-activated phos- 
phor generation step, the fired intermediate product ob- 
tained by the above steps was put into an alumina boat, 

35 deposited in a tubular atmospheric lumace, and fired for 
two hours in a reducing atmosphere consisting of a gas- 
eous mixture of nitrogen and hydrogen. Before firing, the 
intermediate product was lightly disintegrated using a 
mortar and a pestle. The flow of the nitrogen and the 

40 hydrogen was set to 380cc/min and 20cc/min respec- 
tively. 

[0123] The divalent europium-activated aluminate 
phosphor (Ba 09 Eu 0l MgAI 10 O 17 ) was produced with 
different firing temperatures from 1200°C to 1700°C at 

45 steps of about 100°C. The luminance, chromaticity, 
crystalline structure, and particle shape of the phos- 
phors thus produced were evaluated with a luminance 
meter, a chromaticity e valuator, an X-ray diffraction 
method, and a scanning electron microscope. 

50 [0124] For the evaluation of the luminance and the 
chromaticity, a low-pressure mercury lamp was used, 
and the phosphor was irradiated with ultra-violet light of 
254nm wavelength. 

[0125] For comparison, a phosphor was produced in 
5S the same manner, except for the fact that the interme- 
diate production step was omitted. This phosphor was 
obtained by directly firing the raw materials for the phos- 
phor in a reducing atmosphere, without firing them in air 
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at high temperatures. 

[0126] Also in this embodiment, the sieving step, the 
rinsing step, the drying step, and the final sieving step 
have been omitted. 

[0127] Fig. 9(a) shows the X-ray diffraction pattern of s 
the intermediate product after it has been fired in air with 
the intermediate production step. 
[0128] This X-ray diffraction pattern consists of the 
XRD pattern characteristic for BaMgAI 10 O 17 (see Fig. 9 
(b)) and the XRD pattern characteristic for AIEu0 3 (see 10 
Fig. 9(c)). Thus, the intermediate product fired by the 
intermediate production step has BaMgAI 10 O 17 and 
AIEu0 3 as its main components. 
[0129] The body color of AIEu0 3 in its disintegrated 
state, which is a trivalent europium compound contain- is 
ing trivalent europium and aluminum, is a darkish brown. 
It is a nonluminescent material that shows no lumines- 
cence when irradiated with ultra-violet light of 254nm 
wavelength. 

[0130] Fig. 10. shows a comparison of the luminance, 20 
and the x-value and the y-value of the CIE color coordi- 
nates for the phosphor produced according to the meth- 
od of Example 2 and the phosphor produced according 
to the conventional method. 

[0131] Fig. 10 shows the dependency of the lumi- 25 
nance, and the x-value and the y-value from the firing 
temperature of the reducing atmosphere in the above- 
mentioned range. 

[01 32] Fig. 1 0 shows the change of the luminance and 
the x-value and the y-value of the CIE color coordinates 30 
when the firing temperature of the reducing atmosphere 
was varied between 1200°C and 1700 D C in steps of 
100°C. The y-value of the phosphor that was produced 
according Example 2 varied in the small range of 0.0548 
to 0.0552, whereas the y-value of the phosphor that was 35 
produced according to the conventional method varied 
much more over a range of 0.0578 to 0.1 752 when the 
firing temperature was increased. 
[01 33] A large variation of the y-value for different fir- 
ing temperatures means that it is difficult to produce a 40 
blue phosphor with a constant luminescent color when 
the firing temperature at production time is not controlled 
with utmost rigidity. In this case, i.e. when the firing tem- 
perature at production time is not controlled with utmost 
rigidity, the luminescent color of the blue phosphor var- <*5 
ies from pure blue to greenish blue. If, on the other hand, 
there is almost no change in the y-value for different fir- 
ing temperatures, this means that a blue phosphor with 
constant luminescent color can be produced, even 
when the firing temperature at production time is not so 
controlled with utmost rigidity. 

[01 34] As has been explained for Example 1 , in mass 
production of phosphors, it is very difficult to control the 
production conditions for phosphors with utmost rigidity. 
[0135] However, with the production method of the ss 
present invention, a phosphor with very stable lumines- 
cent color can be produced even when the firing tem- 
perature at production time is not controlled with utmost 



rigidity. 

[0136] Comparing the smallest y-values in Fig. 10, it 
can be seen that the smallest y-value tor the production 
method of the present invention is 0.0548, and the 
smallest y-value for the conventional production method 
is 0.0578. 

[01 37] As has been explained for Example 1 , large y- 
values mean that the color purity of blue of the phosphor 
is poor, and the luminescent color is greenish. Thus, the 
production method of the present invention provides a 
blue phosphor with better color purity than the conven- 
tional production method. 

[0138] With Fig. 10, the relative luminance of phos- 
phors that were produced at the same firing temperature 
can be compared. For example, in the case of phos- 
phors fired in a reducing atmosphere at 1 600°C, the rel- 
ative luminance of the phosphor produced with the con- 
ventional method is 1 1 3, whereas the relative luminance 
of the phosphor produced with the method in accord- 
ance with the present invention is 110. 
[0139] In other words, when the relative luminance of 
a phosphor produced with the conventional method is 
taken to be 100, then the relative luminance of a phos- 
phor produced with the method of the present invention 
corresponds to 97.3. 

[0140] However, since the y-value of the two phos- 
phors is different, the luminescent color is also different. 
If this is taken into consideration and the influence of the 
luminosity factor on the luminance is corrected, then it 
can be seen that, for the same, luminescent color, the 
phosphor produced in accordance with the present in- 
vention has a luminance that is about 5% higher than 
that of the phosphor produced with the conventional 
method. 

[0141] Thus, as in Example 1 , the production method 
of the present invention can provide a blue phosphor 
with a luminous efficacy that is about 5% higher than 
that of a phosphor produced with the conventional meth- 
od, when compared at the same luminescent color. 
[0142] In order to verify this point, the external quan- 
tum efficiency of the phosphor was measured when ir- 
radiating it with light of an excitation wavelength of 
254nm. The result was that while the external quantum 
efficiency of the phosphor produced with the conven- 
tional method was only ca. 73%, the external quantum 
efficiency of the phosphor produced with the method in 
accordance with the present invention was ca. 76%. 
[0143] Thus, with the production method of the 
present invention, a blue phosphor can be provided 
whose external quantum efficiency (that is, luminance), 
compared at the same luminescent color, is about 4% 
higher than that of a phosphor produced with the con- 
ventional method. 

[0144] One reason that the luminous efficacy of the 
phosphor produced according to the present invention 
is better than that of the phosphor produced according 
to the conventional method, may be because the crys- 
tallinity of the phosphor host is improved by firing the 
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host compound of the phosphor two times. 
[0145] Fig. 11 shows a micrograph of a divalent euro- 
pium-activated aluminate blue phosphor as expressed 
by Ba 0 gEu 01 MgAI 10 O 17 produced with the above pro- 
duction method, taken with a scanning electron micro- 
scope. 

[0146] From observation with a scanning electron mi- 
croscope as shown in Fig. 11, it could be established, 
that the phosphor satisfies (0.5 ^ y / x ^ 1 .0), with re- 
gard to its particle shape, as explained above. Moreo- 
ver, it could be established that the phosphor has a par- 
ticle size concentration, as explained above, of about 
80%. 

[0147] Moreover, a comparison of Fig. 11 with Fig. 8 
reveals that the particle shape of the phosphor is sub- 
stantially the same as the particle shape of the alumi- 
num oxide used for the raw material for the phosphor. 
[0148] Moreover, when in the production method of 
the present invention, the raw material for the phosphor 
was selected so that it does not contain any halogen 
compounds, but does contain aluminum oxide, a diva- 
lent europium-activated phosphor is produced whose 
particle shape and particle size are substantially the 
same as that of aluminum oxide. As has been men- 
tioned above, for a phosphor with such a particle shape 
and higher particle size concentration, deterioration of 
the phosphor due to ion bombardment when used, for 
example, in a fluorescent lamp can be suppressed, be- 
cause the relative surface area of such phosphor parti- 
cles is relatively small. 

The production method of the present invention, that is, 
the production method of this example is especially use- 
ful for the production of divalent europium-activated alu- 
minate phosphors, with substantially spherical particles 
and high particle size concentration, whose deteriora- 
tion can be suppressed effectively. 
[0149] The following reports the results of investiga- 
tions why variations in the luminescent color of the phos- 
phor produced with the production method according to 
the present invention could be considerably decreased. 
[0150] Fig. 12 shows the diffraction pattern obtained 
by X-ray diffraction of the divalent europium-activated 
aluminate phosphor as expressed by 
Ba 0g Eu 01 MgAI 10 O 17 produced under different firing 
temperatures with the conventional production method. 
From the X-ray diffraction pattern in Fig. 12, it can be 
seen that the fired product contains a lot of Al 2 0 3 , which 
was used as a raw material, and BaAI 2 0 4 , which is an 
intermediate reaction product. 

[0151] On the other hand, when the firing temperature 
is 1600°C, the two compounds disappear almost com- 
pletely, and a Ba 0 9Eu 0 1 MgAl l0 O 17 phosphor is gener- 
ated. 

[01 52] The Eu 2+ ion is a divalent ion with an ion radius 
of 1.09A, and ail ions besides Ba 2+ (1.43A ion radius, 
divalent), that is the ions including Mg 2 * (0.78A ion ra- 
dius, divalent), and Al 3+ (0.57 A ion radius, trivalent), 
have a different valence or an ion radius that is too small. 



Consequently, the Eu 2+ ion replaces the Ba 2+ ion (1 .43A 
ion radius, divalent). 

[0153] Therefore, when the firing temperature is less 
than 1400°C, large amounts of Al 2 0 3 and 

s Ba 0 9 Eu 0 1 Al 2 0 4 are intermingled in the fired product. 
[0154] Ba 09 Eu 0 jAlgC^ is a divalent europium-con- 
taining phosphor luminescent in green with high lumi- 
nous efficacy, which emits brightly when excited at an 
excitation wavelength of 254nm. 

io [0155] Fig. 1 3 illustrates how the intensity of the X-ray 
diffraction of the compound depends upon the firing 
temperature in the conventional phosphor production 
method. 

[0156] It can be seen from Fig. 1 3 that in the conven- 
es tional production method, a divalent europium-contain- 
ing intermediate phosphor (BaogEu 0 A Al 2 0 4 ) is gener- 
ated during the firing, then the divalent europium-con- 
taining intermediate phosphor reacts with Al 2 0 3 , and 
the desired divalent europium-activated phosphor 

i 

20 (Ba 0 9 Eu 0 1 Mg AIt 0 O-, 7 ) is gen erated. 

[0157] Consequently, in the conventional production 
method, this divalent europium-containing intermediate 
phosphor is often intermingled. Especially when the fir- 
ing temperature is low, a large amount of the divalent 

25 europium-containing intermediate phosphor is intermin- 
gled. 

[01 58] It cou Id not be completely clarified in what form 

the Mg undergoes the above process. 

[0159] Fig. 14 shows the emission spectrum of phos- 
30 phors that are excited with ultra-violet rays of 254nm 

wavelength. The phosphors in Fig. 14 were produced 

under different firing temperatures with the phosphor 

production step of the conventional production method. 

For comparison, the emission spectrum of the divalent 
35 europium-containing intermediate phosphor 

(Ba 0>g Eu 0>1 AI 2 O 4 ) is also indicated. As can be seen in 

Fig. 14, Ba 0 9 Eu 0 iAI 2 O 4 is a green phosphor that has 

an emission peak at 500nm. 

[01 60] If the phosphor is fired at a low temperature of ; 

40 1200°C, it is intermingled with the divalent europium- 
containing intermediate phosphor. Consequently, as is 
shown in Fig. 14, the luminescent color becomes a 
greenish blue with the green emission of 
Ba 0 9 Eu 0 Al 2 0 4 (peak wavelength = 500nm) mixed with 

45 the blue emission of Bao >9 Eu 0 a1 MgAI 10 O 17 (peak wave- 
length = 450nm). 

[0161] With the conventional production method, it is 
difficult to completely avoid the intermingling of the di- 
valent europium-containing intermediate phosphor, 
50 even for firing temperatures of, for example, more than 
1700°C. Consequently, the color purity of the blue emit- 
ted by Ba 0 9 Eu 0 ! MgAI 10 O 17 decreases, and variations 
in the luminescent color occur. 

[01 62] However, the production method of the present 
55 invention offers a counter-strategy based on the scien- 
tific foundation explained above. 

[01 63] That is, the production method explained in Ex- 
ample 1 separately produces the host compound 



10 



DCID: <EP 0921172A1 I > 



19 



EP0 921 172 A1 



20 



(BaMgAI 10 O 17 ) and the trivalent europium compound 
(EuMgAI^C^g; not luminescent). Consequently, the 
generation of divalent europium-containing intermedi- 
ate phosphor (Ba 0 .gEuo.iAI 2 0 4 ) through the chemical 
reaction of BaC0 3 , Al 2 0 3 and Eu 2 0 3 can be avoided, s 
Thus, it is possible to generate only the desired divalent 
europium-activated phosphor Bao gEu 0 iMgAI 10 O 17 
with the production method of Example 1 . 
[0164] As has been explained with Fig. 6, the phos- 
phor produced with the method of Example 1 has a io 
smaller y-value, because the intermingling of divalent 
europium-containing intermediate phosphor could be 
avoided. 

[0165] Moreover, as has been explained with Fig. 9, 
a mixture of a host compound (BaMgAI 10 O 17 ) and a tri- is 
valent europium compound (AIEu0 3 , not luminescent) 
can be produced with the production method of Example 
2. Consequently, the generation of divalent europium- 
containing intermediate phosphor (BaQ 9 Eu 0 -,AI 2 0 4 ) by 
the chemical reaction of BaC0 3 with Al 2 0 3 and Eu 2 0 3 20 
can be avoided. Thus, it is possible to generate only the 
desired divalent europium -activated phosphor 
(Ba 0 9 Eu 0 -|MgAI 10 O l7 ) with the production method of 
Example 2. 

[01 66] For comparison, Fig. 1 5(b) shows the X-ray dif- 25 
fraction pattern of the fired product (intermediate prod- 
uct) after the intermediate production step (firing in air), 
and Fig. 1 5(a) shows the X-ray diffraction pattern of the 
fired product (divalent europium-activated phosphor) af- 
ter the firing in a reducing atmosphere. 30 
[0167] According to Fig. 15(b), after the firing in air, 
the fired product is a mixture of BaMgAI 10 O 17 and 
AIEu0 3 as shown in Fig. 9. On the other hand, Fig. 15 
(a) shows that when the fired product is fired in a reduc- 
ing atmosphere, Ba 09 Eu 0 1 MgAI 10 O 17 is generated. 35 
[0168] It was confirmed that, other than 
Ba 09 Eu 0 -,MgAI 10 O 17 , after firing in air, the fired product 
does not luminesce when irradiated with ultra-violet light 
of 254 wavelength. 

[01 69] As is shown in Fig. 10, the phosphor produced 40 
with the method explained in Example 2 has smaller y- 
values, because the intermingling ol divalent europium- 
containing intermediate phosphor could be prevented. 
[01 70] The above examples have been explained for 
phosphors of the chemical formula 
Ba 09 Eu 01 MgAI 10 O 17 . However, as becomes clear 
when considering their scientific foundation, the present 
invention can be equally applied to other divalent euro- 
pium-activated aluminate phosphors (for example (Ba, 
Sr)MgAI 10 O 17 : Eu 2+ , (Ba, Sr)MgAI 10 O 17 : Eu 2+ . Mn 2+ , so 
or Sr 4 AI 14 0 25 : Eu 2+ phosphors), or divalent europium- 
activated phosphor other than aluminate phosphors (for 
example halophosphate phosphors such as Sr 10 
(P0 4 ) 6 CI 2 : Eu 2+ , phosphate phosphors such as 
SrMgP 2 0 7 : Eu 2+ , silicate phosphors such as ss 
Ba 3 MgSi 2 0 8 : Eu 2+ or acid fluoride phosphors such as 
SrB 4 0 7 : Eu 2+ ). 

[0171] Moreover, the raw materials used for the phos- 



phor are not limited to the raw materials used for the 
above examples. It is also possible to use halogenides, 
such as aluminum fluoride, magnesium fluoride and 
europium fluoride. 

[0172] Of course, when halogenides are used for the 
raw material for the phosphor, the particles of the pro- 
duced aluminate phosphor become hexagonal plates, 
and the particle size concentration decreases. 
[0173] Consequently, it is preferable that all raw ma- 
terials for the phosphor are selected from compounds 
that are not halogenides. 

[0174] When the Ba 0 9 Eu 0 1 MgAI 10 O 17 phosphor is 
produced with the conventional production method us- 
ing a halogenide for one of the raw materials, it is found 
that as the divalent europium-containing intermediate 
phosphor, not only Ba 0 9 Eu 0 -,MgAI 2 0 4 but also 
Ba 1 . x Eu x MgF 4 (purple phosphor with an emission peak 
at 420nm; 0 < x < 1 ) is generated. 
[01 75] Moreover, as becomes clear from the scientific 
foundation, the host compound in the above examples 
is not limited to BaMgAI 10 O l7 , and the trivalent euro- 
pium compound is not limited to EuMgAI^O-ig. For ex- 
ample, AIEu0 3 can be used directly for the trivalent 
europium compound. 

[0176] Moreover, the same effect could be attained 
when Bao .9^ u o .iMgAI 10 O 17 was produced by chemical- 
ly reacting a mixture with BaMgAl 10 O 17 and AIEu0 3 as 
the main components in a similar manner as described 
above. 

[0177] Furthermore, as long as the purpose of the 
present invention is attained, the intermediate produc- 
tion step of Example 2 also can be another step than 
heat-processing in air. 

[0178] Moreover, the firing temperature for the inter- 
mediate production step was 1650°C, but the same ef- 
fects can be attained with firing temperatures in the 
range of 1500°C to 1900°C. 

[0179] When the firing temperature is less than 
1500°C, a small amount of Ba 0 9 Eu 0 -,MgAl 2 0 4 is inter- 
mingled with the Ba 09 Eu 01 MgAI 10 O 17 . If, on the other 
hand, the firing temperature is higher than 1900°C, the 
product of the intermediate production step melts : and 
cannot be maintained as a powder. Consequently, a fir- 
ing temperature of 1500°C to 1 900°C is preferable. 
[0180] Moreover, in the above examples, the temper- 
ature for firing in the reducing atmosphere was 1600°C, 
but the same effects can be attained with a firing step 
in a reducing atmosphere in a temperature range of 
1400°Cto 1900°C. 

[01 81] If the firing temperature in the reducing atmos- 
phere is less than 1400°C, then the progress of the 
chemical reaction is slow, and the desired phosphor 
cannot be sufficiently generated. On the other hand, if 
the firing temperature in the reducing atmosphere is 
more than 1 900°C, then, as described above, the prod- 
uct melts and cannot be maintained as a powder. Con- 
sequently, a firing temperature of 1400°C to 1900°C is 
preferable. 
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Claims 

1. A method for producing a divalent europium-acti- 
vated phosphor, wherein a host compound serving 
as a phosphor host is activated with divalent euro- 
pium, comprising the steps of: 

producing a host compound, wherein a raw ma- 
terial for the host compound is reacted; and 
generating a divalent europium-activated phos- 
phor, wherein the host compound and a triva- 
lent europium compound are reacted in a re- 
ducing atmosphere. 

2. The method for producing a divalent europium-ac- 
tivated phosphor according to Claim 1, wherein a 
trivalent europium compound is added to the raw 
material for the host compound before the host 
compound production step. 

3. The method for producing a divalent europium-ac- 
tivated phosphor according to Claim 2, wherein an 
intermediate product, comprising the host com- 
pound and the trivalent europium compound as 
main components, is attained by adding a trivalent 
europium compound to the raw material for the host 
compound before the host compound production 
step. 

4. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 1 
to 3, wherein the host compound is an aluminate, 
and the divalent europium-activated phosphor is a 
divalent europium -activated aluminate phosphor. 

5. The method for producing a divalent europium-ac- 
tivated phosphor according to Claim 4, wherein the 
divalent europium-activated aluminate phosphor 
has an average particle size of 0.4 urn to 20 um. 

6. The method for producing a divalent europium-ac- 
tivated phosphor according to Claim 4 or 5, wherein 
the divalent europium -activated aluminate phos- 
phor has a particle shape that satisfies 

0.5 =i y/x ^ 1.0, 

wherein x is the maximum distance between two 
points A and B on the surface of a phosphor particle, 
and 

y is the minimum distance between two points 
C and D that are located on intersections of a 
perpendicular bisector bisecting a line segment 
connecting A and B with the surface of the 
phosphor particle. 



7. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 4 
to 6, wherein a particle size concentration of the di- 
valent europium-activated aluminate phosphor, 

s which is defined as the largest value x that satisfies 
the equation xA ^ d(n) S A/x, wherein d(n) is the 
particle size of an n-th phosphor particle and A is 
the average particle size of the phosphor, is 50% to 
100%. 

10 

8. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 4 
to 7, wherein the raw material for the host com- 
pound comprises aluminum oxide. 

75 

9. The method for producing a divalent europium-ac- 
tivated phosphor according to Claim 8, wherein the 
aluminum oxide has substantially the same particle 
shape as the divalent europium-activated alumi- 

20 nate phosphor. 

10. The method for producing a divalent europium-ac- 
tivated phosphor according to Claims 8 or 9, where- 
in the aluminum oxide has an average particle size 

25 of 0.4 um to 20 uxn. 

11. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 8 
to 10, wherein the aluminum oxide has a particle 

30 shape that satisfies 

0.5 ^ y/x ^ 1 .0, 

35 wherein x is the maximum distance between two 
points A and B on the surface of aluminum oxide 
particle, and 

y is the minimum distance between two points 
40 c and D that are located on intersections of a 

perpendicular bisector bisecting a line segment 
connecting A and B with the surface of the alu- 
minum oxide particle. 

45 12. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 8 
to 11, wherein a particle size concentration of the 
aluminum oxide, which is defined as the largest val- 
ue x that satisfies the equation xA ^ d(n) ^ A/x, 

50 wherein d(n) is the particle size of an n-th aluminum 
oxide particle and A is the average particle size of 
the aluminum oxide, is 50% to 100%. 

13. The method for producing a divalent europium-ac- 
55 tivated phosphor according to any of the Claims 1 
to 12, wherein the divalent europium-activated 
phosphor is blue luminescent. 
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14. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 1 
to 13, wherein the raw material for the host com- 
pound is free from halogenide. 

5 

15. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 1 
to 14, wherein the raw material for the host com- 
pound comprises an oxygenated compound. 

10 

16. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 1 
to 15, wherein the divalent europium-activated 
phosphor comprises a compound with the formula 
(Ba a Sr b Ca c Eu d ) p (Mg e Zn f Mn g ) q AI 10 O l7t wherein 0 « 
<a<1;0gb<1;0<c<1:0<d<l;a + b + c + 

d = 1; 0 < e S 1;0^f<l:0<g<1;e+f + g=1; 
and p = q =1. 

17. The method for producing a divalent europium-ac- 20 
tivated phosphor according to any of the Claims 1 

to 16, wherein the host compound serving as a 
phosphor comprises a compound with the formula 
(Ba a Sr b Ca c ) p (Mg e Zn f ) q Al l0 O 17 , wherein 0 < a ^ 1; 
0ib<1;0ic<1;a + b + c=1;0<e$1;0i 2s 
f < 1 ; e + f = 1 ; and p = q = 1 

18. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 1 

to 17, wherein the raw material for the host com- 30 
pound is reacted in an oxidizing atmosphere. 

19. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 1 

to 18, wherein the raw material for the host com- 35 
pound is reacted in an oxidizing atmosphere of at 
least 1500°C. 

20. The method for producing a divalent europium-ac- 
tivated phosphor according to any of the Claims 1 40 
to 19, wherein the raw material for the host com- 
pound is reacted in an oxidizing atmosphere of not 
more than 1 900°C. 

21. The method for producing a divalent europium-ac- 45 
tivated phosphor according to any of the Claims 1 

to 20, wherein the host compound and the trivalent 
europium compound are reacted in a reducing at- 
mosphere of 1400°C to 1900°C. 
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(a) Phosphor Produced According to 
the Present Invention 
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(a) Fired Product After Firing in Air 
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(a) Fired Product After Firing in 
Reducing Atmosphere 
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